Polydnaviruses (PDVs) are unique symbiotic viruses associated with parasitic wasps; they replicate only in the calyx cells of a wasp's ovaries and are transferred at oviposition along with the parasitoid egg into the lepidopteran host. The DNA packaged in the viral particles encodes factors that manipulate the host's immune defences and development to benefit the parasitoid. PDVs are found in two subfamilies of ichneumonids (ichnoviruses) and in braconids of the microgastroid complex (bracoviruses). We recently showed that the latter derive from an ancestral nudivirus, as 24 nudivirus-related genes were identified in ovaries of two distantly related braconids at the stage of virion formation. Here, we present a comprehensive analysis of the viral particle proteins of the Chelonus inanitus bracovirus (CiBV). Proteins of purified CiBV particles were analysed by mass spectrometry and amino acid sequences matched to the existing ovarian-cDNA database. In addition, transcript quantities of identified genes were measured by quantitative real-time PCR in female pupae at the onset and peak of virion formation and at corresponding stages in male pupae. This combined approach allowed the identification of 44 CiBV particle proteins: 16 were nudivirus-related, three had similarity to ovarian proteins of another braconid, 11 had similarity to cellular proteins and 14 had no similarity to known proteins. The transcripts of all of them increased in female, but not male, pupae. These data confirm the important contribution of nudivirus genes but also indicate the presence of many lineage-or species-specific proteins possibly involved in the parasitoid-host interaction.
INTRODUCTION
Several thousand species of parasitic wasps in the families Braconidae and Ichneumonidae harbour unique symbiotic viruses, the polydnaviruses (PDVs) (Webb et al., 2000) . The PDV particles are injected along with the wasp eggs into the lepidopteran hosts and play an essential role in manipulating host development, physiology and immune defences. PDVs replicate only in the calyx cells of a wasp's ovary and are maintained through vertical transmission of the chromosomally integrated form (Stoltz, 1990) . They do not replicate in the caterpillar host but instead are used by the wasps to transfer genes which support parasitoid survival and development (Moreau et al., 2009) . Originally two genera of PDVs were described, namely Ichnovirus and Bracovirus. These are associated with ichneumonid wasps (subfamily Campopleginae) and braconid wasps (microgastroid complex), respectively. Recently a third virus group associated with ichneumonids belonging to the Banchinae has been described (Lapointe et al., 2007) . The phylogeny of the microgastroid complex IP: 54.70.40.11
On: Thu, 27 Dec 2018 16:10:27 has been analysed in detail and its origin and the association with bracoviruses (BVs) is assumed to have occurred approximately 100 million years ago (Murphy et al., 2008) . The phylogeny of the other PDV-carrying wasps is less well understood. To date, the full sequences of eight PDV genomes have been published (Espagne et al., 2004; Webb et al., 2006; Tanaka et al., 2007; Desjardins et al., 2008) but almost no genes sharing similarities with known virus genes were identified. This led us to question whether PDVs were of viral origin or merely 'genetic secretions' having morphological similarity to viruses (Federici & Bigot, 2003; Espagne et al., 2004) . However, we have recently demonstrated that the BVs derive from an ancestral nudivirus. In ovaries of Chelonus inanitus and Cotesia congregata, species belonging to two distantly related subfamilies of the microgastroid complex, 24 nudivirus-related genes were identified, among them 13 baculovirus core genes (Bézier et al., 2009a, b) . Nudiviruses appear to be a diverse and phylogenetically ancient sister group of baculoviruses that have evolved in a variety of highly divergent host orders (Wang et al., 2007a) . Currently the nudiviruses comprise five viruses: Oryctes rhinoceros nudivirus (OrNV), Gryllus bimaculatus nudivirus (GbNV), Heliothis zea nudiviruses 1 and 2 (HzNV-1 and HzNV-2) and Penaeus monodon nudivirus (PmNV) (Wang & Jehle, 2009 ). The genomes of OrNV, GbNV and HzNV-1 have been fully sequenced (Wang et al., 2007b, c; Cheng et al., 2002) . The genome of HzNV-2 has been sequenced and is reported to have 93.5 % nucleotide sequence identity with HzNV-1 (Wang et al., 2007a) but the sequence is not publicly available. For the marine PmNV only partial sequences are available. All fully sequenced nudiviruses have 33 ORFs in common and 20 of them are homologous to baculovirus core genes. It was thus proposed that nudiviruses and baculoviruses derive from a common ancestor and are evolutionarily related to other large DNA viruses such as the insect-specific salivary gland hypertrophy virus (SGHV) and the marine white spot syndrome virus (Wang & Jehle, 2009) .
Little is known about the functions of nudivirus proteins except by inference from studies of corresponding baculovirus proteins. However, the biology of nudiviruses and baculoviruses is different in several respects. Baculoviruses form occlusion bodies and infection occurs through feeding and uptake of occlusion-derived virions by the midgut. In contrast, the nudiviruses in general do not form occlusion bodies and transmission can involve various host cells; in addition, some can cause latent or persistent infections (Burand, 2008) . Facultative occurrence of occlusion bodies has been reported for OrNV and HzNV-2 (Huger & Krieg, 1991; Raina et al., 2000) , and PmNV is an occluded virus (Chaivisuthangkura et al., 2008) . Some features of HzNV-1 and HzNV-2 are particularly interesting in comparison with the biology of BVs. The sexually transmitted HzNV-2 infects the gonads of noctuids and causes extensive enlargement of the lateral oviducts. It appears that the virus stays latent in early instars and is induced to replicate during the later stages of development; it causes sterility in both sexes (Raina et al., 2000; Raina & Lupiani, 2006) . In comparison, BV replication is restricted to the calyx region in the lateral oviduct of the wasps with its onset at a particular stage of pupal-adult development (Marti et al., 2003; and BVs can cause castration of the parasitized host (Grossniklaus-Bürgin et al., 1998) . HzNV-1 occurs in ovarian cell lines and its genome was shown to be integrated into the host cell chromosomes (Lin et al., 1999) . Similarly, the genome of BVs is integrated into the wasp's chromosomes (Belle et al., 2002) . It was thus hypothesized that the ancestral BV was a sexually transmitted virus with a tropism for gonads and that integration into the wasp chromosomal DNA was a normal part of the infectious cycle (Bézier et al., 2009b) . What makes BVs so special is the fact that the genes encoding viral-particle proteins are only found in the wasp's chromosomes while the encapsidated DNA consists of wasp genes used to manipulate the parasitized host to benefit the parasitoid (Bézier et al., 2009a, b) . In the previous analysis we focused on nudivirus-related genes and particle proteins (Bézier et al., 2009a, b) but it was not clear whether they represent the majority of BV-particle proteins or only a small portion.
Here we present a comprehensive analysis of the particle proteins of the C. inanitus BV (CiBV). CiBV particles were purified by sucrose-gradient centrifugation, particle proteins were separated by gel electrophoresis and individual bands were cut out and analysed by mass spectrometry. Amino acid sequences were matched to the corresponding cDNAs. In addition, the relative amounts of transcripts of all particle-protein genes were measured by quantitative RT-PCR (qRT-PCR) in female pupae at the onset and the peak of virion formation and at corresponding stages in male pupae (negative control). This combined approach revealed that transcripts from all genes having similarity to baculovirus/nudivirus genes were upregulated in the virion formation phase, supporting the notion that BVs derive from an ancestral nudivirus. However, a major portion of CiBV particle proteins having no similarity to known proteins or similarity to cellular proteins were also upregulated at the transcript level in the virion formation phase. This indicates that CiBV particles also contain, in addition to the nudivirus-related proteins, many lineageor species-specific proteins that might be involved in the parasitoid-host interaction.
RESULTS AND DISCUSSION
To analyse the proteins of the CiBV particles, virions were purified by sucrose-gradient centrifugation and then proteins were separated by SDS-PAGE under various conditions and stained with Coomassie blue. Bands were then excised and subjected to nano-LC-MS/MS (liquid-chromatography tandem mass spectrometry) analysis. Amino acid sequence data were matched to an ORF database which we obtained by sequencing cDNAs from pupal ovaries at the stage of virion formation. These data were also matched against the Uniprot-Swiss-Prot database (see also Bézier et al., 2009a) . The banding pattern and the approximate mass of the various bands are shown in Fig. 1 . Separation was optimized for higher (Fig. 1a) or lower (Fig. 1b ) molecular masses. The Coomassie-stained gels in Fig. 1(a, b) and the silver-stained gel in Fig. 2 (lane a) revealed the presence of approximately 50 bands; amino acid sequences could be assigned to 47 of them (Tables 1 and 2 ). The particle proteins were grouped into three types (Fig. 1) , namely those having similarity to nudivirus/baculovirus core gene products (type 1, bold), to nudivirus proteins (type 2, bold-italic) and those having no similarity to any viral proteins (type 3, normal typeface). Table 1 has upper and lower sections; the CiBV particle proteins of type 1 (upper) and type 2 (lower) are displayed along with the best BLASTP values and for type 1 the function in baculoviruses is also indicated. The amino acid sequences are given in Supplementary Table S1 (available in JGV Online). In Table 2 the CiBV proteins of type 3 are shown along with the best BLASTP values and the amino acid sequences are presented in Supplementary Table S2 (available in JGV Online). Sixteen proteins correspond to nudivirus-like products and among them ten are related to baculovirus core gene products (Table 1) ; the sequences of proteins 66a, 52 and 37b are new while the others have been described previously (Bézier et al., 2009a) . Calculation of approximate molecular masses for the nudivirus-like proteins indicates close matches to the molecular masses seen in the gel with the exception of protein 37a, a HzNV-1 ORF140-like protein (calculated mass 90 kDa) and protein 35b, the P74 per os infectivity factor (calculated mass 75 kDa). Possibly these two proteins were cleaved or partially degraded in the course of the CiBV isolation procedure while the remainder apparently remained intact. Fig. 2 shows that a large portion of the CiBV proteins are glycosylated as was also observed for HzNV-1 (Burand et al., 1983) . This is in agreement with the many predicted glycosylation sites (Supplementary Tables S1 and S2 ). Transmembrane motifs have been identified in the following baculovirus core gene products: VP91, P74, ODV-66, ODV-56, PIF-1 and PIF-2 (Slack & Arif, 2007) . Also, transmembrane helices were predicted for many of the corresponding CiBV proteins (Supplementary Table S1 ).
Nudivirus/baculovirus-related gene products of CiBV
Among the gene products playing an important role in baculovirus gene transcription that are also conserved in nudiviruses (Wang et al., 2007a; Wang & Jehle 2009; Bézier et al., 2009b) , two were found to be expressed in wasp ovaries from C. inanitus, namely lef-4 and lef-8, and three from C. congregata, namely lef-8, p47 and lef-5 (Bézier et al., 2009a). Measurement of relative amounts of Fig. 1 . Proteins of sucrose-gradient-purified CiBV particles separated by SDS-PAGE (13 % polyacrylamide gels) and stained with Coomassie blue. (a) Twelve equivalents (the amount corresponding to calyx fluid collected from 12 wasps) were loaded, and the gel was run to optimize separation in the range 97-30 kDa. (b) Six equivalents were loaded and the gel was run to optimize separation in the range 35-10 kDa. For MS/MS analysis bands were excised from corresponding gels. Numbers give approximate molecular masses; suffixes a, b, c and d refer to different proteins identified in the same band. Bold type refers to nudivirus/baculovirus core-like proteins and bold-italic type to specific nudivirus-like gene products as detailed in Table 1 . M, Molecular mass marker. transcripts in C. inanitus pupae at the onset and the peak of virion formation showed an increase of approximately 10-fold for lef-4 and 100-fold for lef-8 (Fig. 3a) . No upregulation of these transcripts was observed in male pupae (data not shown). Among the baculovirus core gene products playing a role in nucleocapsid packaging and assembly (Li et al., 2005; Wu et al., 2006; Slack & Arif, 2007; Braunagel & Summers, 2007) the following nudivirus-like proteins were identified in CiBV: 38K, VLF-1 and VP91; in addition a 19 kDa protein of unknown function was found (Table 1; Bézier et al., 2009a) . The qRT-PCR measurements ( Fig. 3a) revealed that upregulation was highest for 38K mRNA (approx. 30 000-fold), followed by vlf-1 (approx. 1000-fold), vp91 and 19kDa (both approx. 200-fold) mRNAs. No increase in transcript levels was seen in male pupae (data not shown). These four proteins appear to be essential components of nudiviruses as they were found in all sequenced nudiviruses. Genes of 38K and VLF-1 proteins were also found in the partially sequenced marine PmNV. In CiBV particles, gene products having similarity to occlusion-derived virus (ODV) components of baculovirus envelopes were also identified, namely the per os infectivity factors P74, PIF-1 and PIF-2 as well as ODV-E56 and two variants of ODV-E66 (Table 1) . ODV-E51 was proposed to play a role in ODV morphogenesis (Braunagel & Summers, 2007) , and ODV-E66 has a hyaluronan lyase activity thought to be important for the penetration of extracellular barriers to access host cells (Vigdorovich et al., 2007) . All the corresponding transcripts increased at the virion formation stage: p74 approximately 40-fold, odv-e66 approximately 100-fold and pif-1, pif-2, odv-e66-3 and odv-e56 over 1000-fold (Fig. 3a) . pif-1, pif-2 and p74 genes were found in all sequenced nudiviruses and also in the two sequenced SGHVs (Abd-Alla et al., 2008; Garcia-Maruniak et al., 2008) . Their broad occurrence suggests that the corresponding proteins might play an essential role in infecting a wide range of host cells and not only midgut cells as is the case for baculoviruses. While the odv-e56 gene was found in all sequenced nudiviruses and baculoviruses, odv-e66 was only found in OrNV, the lepidopteran baculoviruses and SGHVs, but not in HzNV-1 or GbNV. PIF-1-, PIF-2-and ODV-E66-like proteins of CiBV and C. congregata BV (CcBV) display putative inner nuclear membrane sorting motifs (INM-SM), as is the case for their nudivirus/ baculovirus homologues (Bézier et al., 2009b) . INM-SM were defined as an extremely hydrophobic sequence located at the N-terminus and closely associated with positively charged amino acids that facilitate protein trafficking (Braunagel et al., 2004 (Braunagel et al., , 2009 . With the exception of VP91, the BLASTP E-values for all proteins having similarity to baculovirus core gene products were between 10 24 and 10 265 (Table 1) .
Nudivirus-related gene products of CiBV
Six CiBV-particle proteins have similarity to predicted nudivirus proteins that are not related to baculoviruses (Table 1 , lower part). With the exception of protein 37a, the similarity is low and in some cases deduced only from similarity to the corresponding C. congregata protein.
Among the specific nudivirus-related proteins found in both C. congregata and C. inanitus the similarity is between 42 and 82 % (Bézier et al., 2009a) . Transcript measurements showed that their genes are upregulated in female pupae between 4000-and 80 000-fold with the exception of HzNVorf140-like which is upregulated only 100-fold (Fig. 3b) . No increase in transcripts was seen in male pupae (data not shown). These data, along with the high intensities of the corresponding bands on the gels (Figs 1 and 2) , suggest that all these proteins are important components of CiBV particles. HzNVorf89-like genes were found in all fully sequenced nudiviruses and also in CcBV and CiBV; the transcript is highly upregulated in both wasps in the virion formation phase (Bézier et al., 2009a, b; Fig. 3b) indicating that the corresponding protein is an important nudivirus component. In contrast, HzNVorf9-like, HzNVorf106-like, (Fig. 3b ). However, no particle proteins were found. As no upregulation was seen in males (data not shown) this suggests that these genes encode non-structural proteins that play a role in virion formation. HzNVorf124-like gene homologues were found in all fully sequenced nudiviruses and it is also expressed in C. congregata ovaries (Bézier et al., 2009b) . HzNVorf144-like gene homologues were found in all fully sequenced nudiviruses and also in PmNV. These two genes thus appear to be common in nudiviruses. On the other hand, HzNVorf128-like genes seem to be specific for HzNV-1, CiBV and CcBV. Searches for conserved motifs gave only one positive result, namely an integrase/recombinase domain on HzNVORF144-like protein (Bézier et al., 2009b) . Thus this protein might be involved in the integration of nudiviral DNA into host DNA and, in the case of BVs, in the recombination process associated with the excision of BV genomic segments (Wyder et al., 2002; Pasquier-Barre et al., 2002) .
CiBV gene products with no similarity to viral proteins
For 31 identified CiBV-particle proteins no similarity to known viral proteins was found (Table 2) . Interestingly, the transcripts encoding 28 of these proteins are upregulated in female pupae in the virion formation phase (Fig. 4) while no upregulation is seen in male pupae (data not shown). This indicates that they are indeed CiBV-particle proteins. Transcripts of only three genes are not upregulated; they encode proteins 58b, 27a and 17b. Protein 27a has a high similarity to heat-shock protein HSP20 and protein 17b to nucleoside diphosphate kinase (BLASTP E-values of 6610 267 and 8610 278 , respectively, to their Apis mellifera Fig. 3 . Relative transcript accumulation (fold increase) of (a) nudivirus/baculovirus core-like and (b) specific nudivirus-like genes in female C. inanitus pupae. When no protein was identified the description for that bar is in italics. When a protein was identified the approximate molecular mass is indicated before the name of the corresponding gene (see also Fig. 1 and Table 1 ). For sequences of lef-4, odv-e66-2, HzNorfVorf128-like and HzNVorf144-like see Bé zier et al. (2009a) . Additional accession numbers are: lef-8 (CBB83982.1), HzNVorf124-like4 (CBA51378.1) and HzNVorf124-like3 (CBH51377.1). The latter two genes were identified on the basis of potential transmembrane regions in the corresponding products (Bé zier et al., 2009b) . For brevity, 'orf' is not written in the bar labels. Data are mean values+SD of four or five measurements with cDNAs from three independent RNA isolations. Fig. 4 . Relative transcript accumulation (fold increase) of CiBV particle protein genes having no similarity to baculovirus or nudivirus genes (see Fig. 1 and Table 2 ) in female C. inanitus pupae. Data are mean values+SD of four or five measurements with cDNAs from three independent RNA isolations.
homologues). They appear to be cellular components deriving from the ovary that co-purified with the viral particles. Proteins 17a, 27b and 30b have similarity to hypothetical C. congregata gene products. Particularly interesting is protein 27b as it has high similarity to a hypothetical gene product, Cc50C22.7, that has been shown to be present in the nudivirus cluster region (Bézier et al., 2009a) . Transcript levels increased almost 20 000-fold (Fig. 4) and it was also shown to be upregulated in C. congregata along with virion formation (A. Bézier, unpublished data). Transcripts encoding proteins 17a and 30b were upregulated approximately 200-fold and 600-fold, respectively. Thus, these three proteins appear to be additional BV-particle proteins common to CiBV and CcBV. However, in contrast to all other common particle proteins no similarity to known nudivirus proteins was found. This could be because few nudivirus genomes have been sequenced or it could mean that these proteins are specific for the nudiviral ancestor of BVs.
The levels of transcripts encoding the five proteins 60a, 60b, 60c, 60d and 25 increased 80-to 1000-fold (Fig. 4) . These proteins appear to be members of the Rhodanese superfamily (Table 2) . They share 23 and 60 % similarity with each other. This is a group of versatile proteins relying on persulphide chemistry to accomplish cellular functions ranging from resistance to environmental threats to key cellular reactions related to sulphur metabolism and progression of the cell cycle (Cipollone et al., 2007) . From their similarities to database sequences these five proteins resemble TBC1 domain family member 23 (TBC1D23). TBC1D23 proteins are characterized by having both a TBC and Rhodanese domain. TBC is a domain present in most known Rab GTPase-activating proteins (GAP) and Rabs are small GTP-binding proteins required for membrane trafficking that are localized to distinct compartments (Pfeffer & Aivazian, 2004) . Interestingly Rab proteins have been implicated in the life cycles of various enveloped viruses and are utilized for endocytosis, trafficking and protein sorting (Sklan et al., 2007) . Although their precise function is unknown TBC1D23 proteins are highly conserved among metazoans: the honeybee and the parasitoid wasp Nasonia vitripennis proteins (GenBank accession numbers XP_624741 and XP_001604776, respectively) share 89 % similarity. However, the Rab-GAP component of CiBV particles does not correspond to a conserved C. inanitus TBC1D23, which would be expected to share approximately 90 % similarity to the honeybee protein. Instead the CiBV proteins 60a, b, c, d and 25 appear to represent divergent versions of the cellular protein as they share only 52, 50, 57, 53 and 54 % similarity, respectively, with the honeybee sequence. Possibly these TBC1D23-like proteins evolved from the cellular TBC1D23 protein for incorporation into CiBV particles and delivery into the parasitized host as virulence factors. Interestingly, proteins 35a, 28d, 66c, 97a and 12b also constitute a group of related proteins but they correspond to a new gene family, the products of which do not contain described conserved domains.
CiBV protein 97b has a metalloprotease domain and its transcript increased approximately 10-fold in female pupae (Table 2 , Fig. 4 ). This type of protein is also found in the venom of several parasitoids (de Graaf et al., 2010) and CiBV protein 97b might thus also be a virulence factor. CiBV protein 13c has similarity to S-phase kinaseassociated protein 1A and its transcript increased approximately 20-fold in female pupae (Table 2 , Fig. 4 ). S-phase kinase-associated proteins are highly conserved among metazoans: the parasitoid wasp N. vitripennis and human proteins (accession numbers NP_001135430 and AAA79202, respectively) share 90 % and 92 % similarity, respectively, with the honeybee protein (accession number XP_392758). Interestingly, CiBV protein 13c shares only 56 % similarity with the honeybee sequence, which again suggests that it represents a divergent version of the cellular protein and might play a role in the parasitoid-host interaction. The difference in conservation is striking compared to the situation with protein 17b, a nucleoside diphosphate kinase whose transcript does not increase and which is thus probably a contaminant from the cell; for this protein the similarity to the honeybee sequence (accession number XP_393351) is 95 %.
CiBV proteins 26, 19, 13a, 13b and 12a gave no hits upon BLASTP analysis (Table 2 ). However, their transcripts increased massively in female pupae, namely between 4000-and 100 000-fold (Fig. 4) and in the gels bands are clearly seen (Figs 1 and 2 ). This indicates that they are important CiBV-particle proteins even though they share no similarity with any known virus protein. These observations suggest that some of the BV-and nudivirus-particle proteins diverged to an extent that relatedness is no longer detectable. Interestingly, for 50-75 % of putative ORFs of nudiviruses and SGHV no homology to proteins in the databases was found (Cheng et al., 2002; Wang et al., 2007b, c; GarciaMaruniak et al., 2008; Abd-Alla et al., 2008) .
In conclusion, we identified 44 CiBV-particle proteins and most or all of these genes appear to be confined to the wasp genome as none were found in the sequenced encapsidated-CiBV genome until now. Of the 16 nudivirus-related proteins, ten share similarities with baculovirus core gene products. The corresponding transcripts of all 16 genes increased in the virion formation phase supporting the notion that BVs derive from an ancestral nudivirus. Interestingly, 28 CiBV particle proteins have no similarity to any known nudivirus gene product but all corresponding transcripts increased in the virion formation phase. Three have similarity to genes expressed in C. congregata ovaries, which could mean that they are specific for the nudiviral ancestor of BVs. Five CiBV proteins have similarity to TBC1D23 proteins and one to an S-phase kinase-associated protein. However, the similarity to the corresponding honeybee proteins is only between 50 and 57 % for all of them, indicating that they represent divergent versions of these highly conserved cellular proteins. Similarly, virulence factors encoded by the DNA packaged in BV genomes such as protein tyrosine phosphatases and inhibitor of nuclear factor kB-like proteins were found to represent divergent versions with similar distances to the corresponding honeybee proteins (Bézier et al., 2008) . We thus hypothesize that divergent versions of cellular proteins might be virulence factors playing a role in the parasitoid-host interaction. The localization of the various proteins within the CiBV particles is not known but it is conceivable that proteins hypothesized to be virulence factors represent the matrix which surrounds the nucleocapsid and which is released into the host cell after virus entry (T. Roth and B. Lanzrein, unpublished data). Many CiBV proteins have no similarity to known proteins, which is reminiscent of observations of the venom proteins in N. vitripennis which also have no similarity to known proteins and appear to be lineage-and/ or species-specific (The Nasonia Genome Working Group, 2010). Chelonines are egg-larval parasitoids while all other microgastroids are larval parasitoids. They diverged first from the remainder of the microgastroids and appear to have had a steady rate of evolution, whilst the microgastrines appear to have undergone a more significant 'burst' of evolution (Murphy et al., 2008) . It is thus possible that the CiBV proteins having no similarity to known proteins might play a role in host cell interactions which are specific for chelonines and even for the particular life-style of C. inanitus. The encapsidated genome of CiBV shares almost no similarity to that of CcBV (Weber et al., 2007) ; only sequences involved in the production of the circular dsDNAs of the particles (excision sequences) are conserved . Thus, the incorporation of divergent versions of cellular proteins, of products of newly evolved genes in the viral particle and the divergence of both the viral particle genes and the encapsidated virulence genes appear to be a hallmark of BVs. This might have contributed to the rapid diversification of the microgastroid complex into at least 17 000 species.
METHODS
Insect rearing. C. inanitus (Braconidae), a solitary egg-larval parasitoid, was reared on one of its natural hosts Spodoptera littoralis (Noctuidae). Adult S. littoralis were kindly provided by Syngenta AG. They were raised at 27 uC at a photoperiod of 14 h and fed an artificial diet. This diet was given to us by Syngenta (until 2007) or prepared from dry powder (Beet Army Worm Diet; Bio Serv). For details about rearing and development of parasitoid and host see Grossniklaus-Bürgin et al. (1994) .
Collection of ovaries, cDNA library construction, sequencing and sequence analysis. Ovaries from pupae at stages 3b-5, when virion formation is maximal (Marti et al., 2003; , were dissected; mRNA isolation, cDNA library construction, sequencing and EST quality control were as described by Bézier et al. (2009a) . Sequences were deposited in the EMBL nucleotide sequence database. The sequences retained were clustered with the TGI Clustering tool (TIGR software) (Pertea et al., 2003) . To identify similarities with known proteins, the clustered and single sequences were compared with databases using BLASTP against a non-redundant protein database (NCBInr Albrecht et al. (1994) . Viral particles were isolated by sucrose-gradient centrifugation according to Bézier et al. (2009a) . SDS-PAGE was carried out according to Laemmli (1970) MS/MS raw data were extracted with Xcalibur Bioworks (version 3.3.1; ThermoFisher Scientific) into data files using the ZSA charge correction filter. Combined data files were automatically matched to our viral-ORF database. In parallel, the data were also searched against the Uniprot-Swiss-Prot database as described by Bézier et al. (2009a) . The resulting amino acid sequences from the viral-ORF database were analysed with BLASTP (February 2010 version). To analyse glycosylation, viral proteins were separated by SDS-PAGE (13 % polyacrylamide gel), transferred onto a nitrocellulose membrane and incubated with horseradish peroxidase-labelled Concanavalin A (Sigma); as a negative control, half of the blot was incubated together with 1 M D-mannose as competitor. For further details see Kaeslin et al. (2010) .
Isolation of RNA and real-time RT-PCR. RNA was isolated from male and female C. inanitus pupae at stages 1-2 and 3-4. In females, stage 2 marks the onset of changes in the calyx region associated with virion formation, and in stages 3-4 virion formation is maximal (Marti et al., 2003; . Five pupae were homogenized with the Dispomix System (Medic Tools) for 15 s at 4000 r.p.m. in gentle MACS tubes (Miltenyi Biotec) containing 600 ml buffer RLT (Qiagen) and 143 mM b-mercaptoethanol. RNA isolation was done with an RNAeasy Plant Mini kit (Qiagen) according to the manufacturer's protocol for animal tissue with modifications as described by Weber et al. (2007) . For reverse transcription, 5 mg of total RNA was used with 90 ng oligo(dT) 17 primers, 50 U StrataScript Reverse Transcriptase (Stratagene), 40 U RNasin (Promega) and dNTPs mix (20 nmol each; Qiagen). As a reaction efficiency control, 5 pg RuBisCO mRNA (SpotReport Arabidopsis thaliana mRNA Spike 3; Stratagene) was added to each sample before reverse transcription.
Real-time PCR primers were designed with the Primer3 software (Rozen & Skaletsky, 2000 ; http://frodo.wi.mit.edu/primer3/). The primer list is given in Supplementary Table S3 (available in JGV Online). Real-time PCR runs were performed in 96-well optical reaction plates (Applied Biosystems) with the SYBR Green I Reaction System (Eurogentec). An amount of cDNA corresponding to 100 ng total RNA (1/50 of the reverse transcription reaction) was amplified in a volume of 30 ml containing 200 mM of each dNTP, 3.5 mM MgCl 2, 0.75 U Hot GoldStar enzyme, 2 mM of each primer and 0.9 ml SYBR Green I solution. PCRs were done on an ABI PRISM 7000 Sequence Detection System (Applied Biosystems) with the ABI PRISM 7000 SDS software version 1.1, using the following thermal profile: 10 min at 95 uC (initial step), 15 s at 95 uC (denaturation), 1 min at 60 uC (annealing and elongation). After 40 cycles, a melting point curve was determined by slowly heating from 60 to 95 uC, to check the specificity of amplification. Calculations of initial amounts of cDNA were done according to Liu & Saint (2002) and the primer efficiency was determined from the slope of the curve for all primer combinations on every plate. To calculate differences in transcript amount between the onset and the peak of virion formation, the values of females at stages 3-4 were set at 100 % and divided by the values of females at stages 1-2. Corresponding stages in males were used to analyse changes in transcript amounts related to development; actin transcript amounts were seen to be similar in females and males (data not shown). Measurements were always made with cDNAs from three independent RNA isolations per stage and sex.
